I
t has been proposed that a cluster of symptoms affecting the eyes, head, upper respiratory tract, and skin is associated with the physical properties of office buildings and costs UK businesses many millions of pounds through low productivity and sickness absence. 1 This cluster has been labelled ''sick building syndrome'' (SBS). 2 Although guidelines exist for the investigation and management of SBS, 3 4 systematic research has failed to identify consistent associations between particular physical properties of buildings and SBS. [5] [6] [7] [8] [9] [10] [11] There is increasing evidence that the psychosocial work environment is related to health [12] [13] [14] [15] [16] [17] [18] and that the physical responses to work stress may resemble symptoms that have been attributed to the physical work environment. 19 Work overload, lack of support at work, and conflict at work may exacerbate the effects of the physical work environment. 20 The design of most existing studies has been such that workers report on problems with their physical work environment, levels of psychosocial work stress, and their perceived health and symptoms. Affect bias (the tendency to report consistently positively or negatively to questionnaire items because of mood) cannot be ruled out as an explanation for associations in such studies.
The Whitehall II study of British civil servants working in various London departments, offered an opportunity to investigate these alternative pathways. This study builds on existing literature by combining objective data on the physical work environment measured by independent field workers with individual reports of psychosocial stress at work and health. Additionally it uses a multilevel framework to consider the possible influence of the physical building environment at one level and individual work characteristics at another level, on workers' health. It avoids the bias that may have affected other studies where SBS is assumed to be a problem since neither participants nor investigators contemplated a study of SBS. Subsequent to collection of data on symptoms and the psychosocial work environment, physical characteristics of the buildings in which the study cohort were working at the time of the survey were measured.
The aim of this study is to examine whether building characteristics or psychosocial work characteristics best explain the rates of symptoms among men and women working in 44 different buildings in and around London.
METHODS
The Whitehall II study This project forms part of the Whitehall II study of civil service office workers, a longitudinal study of 10 308 male and female civil servants, aged 35-55 years at baseline. At the third phase of follow up (1991-93), participants completed a detailed questionnaire that included questions on sociodemographic characteristics, SBS symptoms, the physical nature of the workplace, and psychosocial work characteristics. Details are reported elsewhere. 21 Appropriate ethical approval was obtained and all participants consented to take part in the study.
Definition of SBS
There is no single accepted definition of ''sick building syndrome''. The term usually refers to higher than normal prevalence in a particular building of symptoms affecting the eyes, head, upper respiratory tract, and skin. Investigation of SBS has examined office buildings in many countries including the UK, 2 22-24 Scandinavia, 25 and North America. [26] [27] [28] [29] [30] Studies vary in the symptom description and frequency and whether the symptoms reduce on leaving the building. [31] [32] Ten potential SBS symptoms commonly reported in other investigations were included as part of a list of 22 symptoms (see fig 1) . Respondents were asked ''Have you had any of the following symptoms in the last 14 days?''. The symptoms have some validity as a health measure as they predict future sickness absence gathered from civil service records. Participants with four or more symptoms had an increased risk of sickness absence relative to those without symptoms (short spells: OR = 1.90, 95% CI 1.57 to 2.30; long spells: OR = 1.48, 95% CI 1.11 to 1.98). Psychological distress (a potential confounding factor predicting both reporting of symptoms and reporting of poor psychosocial environment), was measured by the 30-item General Health Questionnaire. 33 Physical work environment A participant's physical work environment was assessed in three ways: environmental monitoring, a detailed inspection by three observers, and self-reported questionnaire. Environmental monitoring was carried out in 29 buildings in which at least 20 participants were working. Access was granted in all buildings approached. In 18 of those buildings a more complete set of measurements was taken by the three observers. Choice of physical environmental exposures to be studied was based on existing studies of the indoor environment and health (reviewed by Burge, for example 34 ). The study design is summarised in table 1. A sample of 10 workstations was selected in each building, stratified to include individual offices, small shared rooms, and open plan offices. Fieldwork and laboratory tests were validated by duplicate samples. Field measurements averaged from three daily readings were matched against the results from data loggers used across the whole day. The validity checks satisfied the team that the methods used to produce the data presented here adequately represented the more detailed pattern of environmental conditions captured by the data loggers.
Participant's ability to adjust the temperature, adjust artificial light levels, and to open the window was captured by questionnaire. The number of people sharing the same office was also reported by participants. A combined measure of workstation control (ability to adjust heat, artificial light, to open the window, and fewer than 10 people in the room) was created. Respondent answers were validated on site and respondents in four buildings repeated part of the questionnaire to check the reliability of responses over time.
Psychosocial work environment
Decision latitude, job demands, and support at work were measured by self report questionnaire, based on the Karasek Job Content Instrument. 35 Employment grade within the civil service was used as a measure of individual socioeconomic position. This is a potential confounding factor, because lower grades command lower salaries, which may lead to greater reporting of symptoms. Participants were categorised into three groups, namely administrative (top grades), professional/executive (middle grades), and clerical/support (lower grades). Other potential confounders, such as time taken to travel to work, problems with housing (such as damp, too small), and exposure to smoke at home and in the workplace were also measured.
Statistical analysis
A personal SBS symptom score was created for each respondent by summing the number of symptoms from the list of 10. Where a participant completed only nine items, the mean of available items was used instead. Participants who completed eight or fewer items were excluded from the analyses.
Investigation of the contribution of physical and psychosocial work environments on symptoms was complicated by the fact that varying numbers of observations were obtained for different characteristics. In particular, psychosocial data were available for more participants than were data on physical conditions. Rather than limiting this analysis to the smaller sample with complete observations for all characteristics, we chose to aggregate measures of physical characteristics up to the building level. Where the physical characteristic was measured at 10 sample workstations in a building, a mean was calculated for the building, weighted according to the proportion sampled in each office type (individual offices, small shared rooms, and open plan offices). Each building average provided information on the physical environment for all participants working in that building. Multilevel analysis 36 was used to investigate the relations between physical environment in the building and an individual's psychosocial environment and their health. The standard errors are adjusted in multilevel models to allow for the possible non-independence of observations from participants working in the same building.
Environmental Women Figure 1 Presence of symptoms by sex in the Whitehall II study.
the International Standards Organisation) or on generally accepted standards (advised by Thomson MTS Ltd and two of the authors (AM and JE, qualified architects)). Building averages were classified according to whether they were within or outside acceptable limits.
In the first stage of analysis, associations between each exposure (physical environmental variable or psychosocial work characteristic) and reporting of symptoms was investigated, adjusting for age, sex, and grade of employment. The exposure was included in the full model if univariate analyses indicated a difference in the hypothesised direction (for example if symptom scores were higher for buildings averages outside acceptable limits).
RESULTS

Symptom prevalence
The prevalence of the 10 SBS symptoms is shown in figure 1 . The mean symptom score was 2.2 for men and 2.7 for women (t test p,0.001) and was lower for older participants (2.5 for 39-44 year olds, 2.4 for 45-49 year olds, 2.2 for 50-54 year Table 1 shows the symptom scores and age, sex, and employment grade distribution of participants in buildings grouped by level of assessment. There were no significant differences in SBS scores between participants in the 18 buildings in which the most detailed environmental measures were collected and those in other buildings (p = 0.4). Neither did participants in the 18 buildings with detailed assessment differ in age (p = 0.6), employment grade (p = 0.3), or sex (p = 0.4) from participants in buildings with less detailed assessment (table 1) .
Physical environmental characteristics of the workstation Physical characteristics were investigated for the subset of participants who had data on the physical environment (table 2). None of the characteristics investigated was significantly associated with symptoms. There was a suggestion that high symptom scores were associated with temperature outside the recommended range, poor relative humidity (either too damp or too dry), airborne bacteria, and the presence of inhalable dust. Unexpectedly, lower symptom scores were found in buildings with unacceptable levels of air movement, carbon dioxide, noise, airborne fungi, and volatile organic compounds, although these differences were not statistically significant.
Based on questionnaire data, workstation control was found to be inversely related to symptoms-that is, the more control people have the fewer symptoms they report (table 2) .
Ventilation systems
Overall, air conditioning was found to be associated with slightly higher symptom scores compared with other ventilation systems (table 3) . Our results are consistent with previous findings, [37] [38] namely that fewest symptoms are associated with mechanical ventilation, followed by all air and natural ventilation, then air conditioning systems although differences across the types of ventilation system were not statistically significant. The results are clearer when the seasonal effect is removed by examining a subset of four symptoms that are constant throughout the year (headache, tired for no reason, rashes/itches and dry throat; data not shown).
Psychosocial work characteristics
High job demands and low support at work were associated with higher mean symptom scores after adjusting for age, sex, and grade (table 4, model 1). Symptom levels tended to be higher for participants with low decision latitude although this association was not statistically significant.
Full model incorporating psychosocial and physical environmental characteristics
The associations between the psychosocial work stress scales and symptoms were unchanged on inclusion of physical environmental characteristics (table 4, model 3) and attenuated somewhat on inclusion of GHQ scores, indicating that some of the association between work characteristics and symptoms was due to negative affect (table 4, model 4). Those with no control over the workstation had higher symptom scores, even after adjustment for age, sex, employment grade, and other physical characteristics (table 4, model 2). Adjustments for work characteristics and GHQ score did not substantially alter this association (models 3 and 4). These results were essentially unchanged when adjustment was made for time taken to travel to work, exposure to smoking in the workplace or in the home, and problems with housing (data not shown). For participants who experienced low decision latitude, high job demands, or low support at work there was no evidence that physical environmental factors were more strongly related to symptoms than the psychosocial variables.
DISCUSSION
These results emphasise the potentially confounding effects of age, sex, socioeconomic position, and psychosocial aspects of work in explaining the prevalence of symptoms. They suggest that ''sick building syndrome'' may be wrongly named-raised symptom reporting appears to be due less to poor physical conditions than to a working environment characterised by poor psychosocial conditions. A model incorporating physical and psychosocial hazards in the work environment and health has been proposed 39 and more recently the interplay between the indoor environment and characteristics of the building's occupants has been recognised. [40] [41] Control over work, job demands and work overload, job category, social stressors, mental stress at work, and personality traits have all been related to a similar set of symptoms 16 18 40 42-50 and a study in Africa also found that psychosocial factors were more important than physical exposures. 51 Our findings suggest that, in this sample of office based workers, physical attributes of buildings have a small influence on symptoms.
The effects of control over the physical environment and control over work have rarely been investigated simultaneously. Our findings demonstrate that both are associated with higher symptom prevalence. Other studies have suggested that the ability to control one's environment is important and our findings confirm that, even when recommended levels are achieved, employees' ability to control light levels and temperature is associated with fewer symptoms. 42 52 An important aspect of the study design was that objective measures of the physical environment were obtained by independent field workers. Many studies have obtained information on the physical office environment by questionnaire. As the same set of respondents report on perceptions of their environment and their health, this could induce spurious associations. The Whitehall II study has the additional advantage of covering a number of buildings and a large sample of respondents who have answered a wide range of questions, including potential confounding factors. Almost every study of SBS reports that women record more symptoms than men and younger people report more symptoms than older people 34 50 53 but not all control for these differences. Furthermore, participants and buildings were not selected on the basis of explicit concern with sick building symptoms and responses did not arise from leading questions about whether symptoms were building related. The methods used in this paper differ from previous studies in other ways. An enquiry into questionnaires on SBS indicated that responses alter according to the list of symptoms and the format in which they are asked, and called for standard questions to be used in further studies. 31 32 The phrasing of our questions on symptoms has a shorter length of recall, assisting accuracy of response. The techniques used to model the hierarchical structure of the data have not previously been used in studies investigating SBS. Future studies of SBS should ask for recent recall of symptoms, avoid leading questions, and adjust for age, sex, and socioeconomic position.
The lack of association between symptoms and the physical environment could be because the quality of Whitehall buildings is above a threshold for affecting symptoms. If this is the case then claims that SBS affects most buildings and most office workers and causes great financial losses are unfounded, and the search for the cause of SBS is less important in terms of public health. If it is not the case, then it is important to study typical conditions in places representative of most office buildings. This study contains a sample of buildings selected as housing people already participating in a health study rather than ones where SBS was suspected and is therefore more useful in studying the public health implications of the physical environment at work.
Average readings over 10 workstations were used to describe the environmental characteristics for each building. This introduces the potential for misclassification and, although this is common practice in studies of building environment and health, it would have strengthened the study if more workstations had been sampled. It should be noted that building characteristics are measured less precisely than psychosocial characteristics. Hodgson also notes that our relative lack of knowledge about specific physical exposures and how best to measure them may be an explanation for the finding that work stress seems to be strongly related to symptoms. 17 However, the lack of association between the physical environment and symptoms was consistent across all the analyses performed. Other studies have found similar lack of association between measured contaminants and symptoms. 46 The self-reported nature of the psychosocial work characteristics and symptoms is a potential limitation. A tendency to report always positively (or negatively) may be driving the associations seen here. However, adjustment for GHQ (an indicator of positive or negative affect) was made in our study and some associations between work characteristics and symptom reporting remained.
Questionnaire and fieldwork data were collected at different times of the year. Season affects some measures of the physical environment within buildings and may bias the results. A total of 26 buildings were assessed in the season when central heating is typically in use and 18 buildings were assessed in the non-heating season. Symptom scores were 0.2 higher in buildings which were assessed in the central heating season compared with those assessed in the non-heating season (p = 0.09 adjusting for age and sex). Analyses were repeated using a subset of four symptoms that are invariant across the year. The same pattern of findings was found and the conclusions remain unchanged using seasonally invariant symptoms.
These findings should not be interpreted as justification for assuming that the quality of the physical environment of the workplace is unimportant. Comfort and perceived satisfaction with environmental conditions within buildings should not be ignored. Compared to current standards, the results showed that some features are generally acceptable (carbon dioxide, lighting levels, and noise) but that many workstations were too hot, with too little air movement. These conditions can and should be improved even if health outcomes are unchanged.
In this study, the physical environment of workstations and office buildings appears to have less effect on symptom prevalence than features of the psychosocial environment. SBS symptoms are more about the jobs people do, their psychosocial environment, and their ability to control conditions in their office than about the physical environment of the building or workstation where the job is performed. The results imply that if SBS is reported in a building, management should consider causes beyond the physical design and operation of the workplace and should widen their investigation to include the organisation of work roles and the autonomy of the workforce. N ''Sick building syndrome'' may be a misnomer-raised symptom levels appear to be largely due to a working environment characterised by poor psychosocial conditions.
Policy implications
N Management should consider causes beyond the physical design and operation of the workplace in places where ''sick building syndrome'' is reported. Investigation of the organisation of work roles and the autonomy of the workforce should be undertaken.
